T raditionally, graduate medical training has emphasized knowledge and skill development for the diagnosis and treatment of an individual patient. However, residents operate in complex health care delivery systems and have not been trained to analyze clinical environments and continually improve patient care. 1 Addressing these gaps, the Accreditation Council for Graduate Medical Education (ACGME) endorsed Practice-Based Learning and Improvement (PBLI) and systems-based practice (SBP) competencies. 2, 3 Systems-based practice competency requires awareness of and responsiveness to the larger context and system of health care and the ability to effectively utilize system resources to provide optimal care. 3, 4 A system, as defined in the Institute of Medicine Report To Err Is Human, 5 is a set of interdependent elements (human and nonhuman) interacting to achieve a common aim. Their interdependence renders them vulnerable to discontinuities (i.e., system failures) that result in suboptimal care. In contrast to PBLIs emphasis on self-reflection about one's individual practice, SBP involves understanding complex system interactions, systems' vulnerabilities, and their impact upon care delivery. 3, 4, 6 Accreditation Council for Graduate Medical Education has not established specific guidelines for teaching or assessing these competencies, but rather encouraged local experimentation. Consequently, residency programs have struggled to meet requirements. The issue of ensuring the safety of patients for whom residents are responsible is a useful vehicle to facilitate learning about complex interactions between systems in the context of clinical care, while highlighting the vulnerabilities of systems that permit errors to occur. Previous studies focusing upon error reporting 7, 8 and linkages to system redesign 8 do not incorporate teaching and assessing the SBP competency. We describe the development of an educational tool that fosters this competency.
PROJECT DESCRIPTION
A pilot educational intervention incorporating didactic and experiential learning, including a patient safety curriculum 9 (Appendix A to D available online). Residents were required to complete ! 2 OC on self-identified cases seen during their UCC rotation and receive a satisfactory score in order to achieve SBP competency for this rotation. They were asked to choose cases they believed were associated with error or system failures.
Session one began by presenting an actual LSCDVAMC case involving multiple system failures followed by discussion triggered by questions of how and why the events of the case occurred. Concepts introduced included basic epidemiology and terminology associated with patient safety, an introduction to systems thinking and human factors engineering, and a description of safety culture. These concepts were linked to the initial case and were reinforced by other examples given by faculty and volunteered by residents. Teaching session 2 took place one-week later and residents presented cases in a structured format, like the OC; faculty and participating residents provided feedback.
Dr. Ernest Codman, who pioneered recording of patients' ''end results'' or outcomes of care, inspired this intervention.
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The OC was developed to include information to trigger reflection about the relationship between errors and associated systems, the interactions between systems, and the vulnerabilities of systems, as opposed to the traditional belief in health care that errors result solely from an individual's actions. Residents were asked to consider the interface between people and the environment (human factors engineering) when considering error types and system failures (gaps in care). Outcomes Card information builds on these constructs by capturing the following patient safety components: patient identifiers, case description, acknowledgement of error (yes/ no), near miss (yes/no), and/or adverse event (yes/no) in reference to the case, selection of all relevant error types (Appendix B available online) based on Leape's classification, 10 identification of up to 2 different systems (e.g., radiology, intensive care unit, administrative services) (Appendix C available online), and 1 system failure (e.g., inadequate staffing or supervision) associated with each selected error type. Patient safety experts reviewed the OC for face and content validity.
Louis Stokes Cleveland Department of Veterans Affairs Medical Center's Quality Management reviewed OCs to ensure appropriate follow-up action. Moreover, these quality assurance data were protected and not releasable. This, along with a secure database, facilitated buy-in from all stakeholders (administration, program directors, residents).
PROGRAM EVALUATION Methods
Demographic information was obtained from residency program files. This pilot included sixty 2-week trainee rotations and 45 residents (18% postgraduate year 1 (PGY1s), 40% PGY2s, 35% PGY3s, and 7% PGY4s); 35% of the residents were women and 18% had second graduate degrees. Two expert reviewers independently reviewed the medical record and the case description provided on each OC. One reviewer, the UCC clinical manager who supervises the residents, had completed a 2-year fellowship in quality improvement. 12 The second reviewer, a health systems researcher, had expertise in quality assessment. After reviewing the medical record and resident's case description, reviewers identified error, near miss, and/or adverse event in reference to the case, and selected all relevant error types and up to two different systems associated with each error type. Outcomes Card data were deidentified and analyzed in aggregate. The mean number of errors/case, percent of adverse events, and frequency of error types identified by the resident, physician supervisor, and health systems researcher were assessed separately. Interrater reliabilities were measured with a k statistic (SPSS V. 12.0 Chicago, Ill).
Cards were scored by comparing the residents' and physician supervisor's acknowledgement of an error, near miss, and/or adverse event, selection of specific error types, and identification of associated systems. Percent agreement was averaged if multiple cards were returned. This assessment of SBP competence served as the summative evaluation for the rotation (0% to 33.3%-unsatisfactory, 33.4% to 66.6% satisfactory, and 66.7% to 100% highly satisfactory). Scores were sent to the Residency Program Director.
Upon finishing the rotation, residents completed an anonymous self-assessment survey (Appendix E available online) that included 3 domains: improved knowledge of patient safety concepts and case analysis (12 items), comfort with using OC skills (4 items), and attitudes related to value of this SBP curriculum (3 items). Residents rated each item using a 5-point Likert scale: (1 =very poorly; 5 =very well) for improved knowledge, (1 =very uncomfortable; 5 =very comfortable) for skills, and (1 =strongly disagree; 5 =strongly agree) for attitudes. Ratings for the items in each domain were summed, and Cronbach's a, a measure of internal consistency, and descriptive statistics (mean, SD) were calculated for the 3 scales.
RESULTS
Ninety-eight OCs were completed (81.7% return rate). The residents, physician supervisor, and health systems researcher identified adverse events in 22.7%, 15.5%, and 18.5% of cases, respectively, and means of 2.3, 2.8, and 3.0 (range 1 to 6) errors/case, respectively. Interrater reliabilities for error types between the resident and physician supervisor and between reviewers were excellent 13 (k =0.88 and 0.95, respectively), and were good for system identification (k =0.66 and 0.68, respectively). There was no significant difference in inter-rater reliability on error types or system identification by resident PGY. The 4 most frequently identified error types reported by residents and reviewers were error or delay in diagnosis, failure in communication, avoidable delay in treatment or in responding to an abnormal test, and inadequate monitoring or follow-up of treatment (Table 1) . End-of-rotation self-assessment surveys were completed by 57% of residents. Cronbach's a ranged from 0.74 to 0.88 for the 3 scales (Appendix E). Mean scores ( AE SD) on the scales were 48.38 AE 3.98 (potential range 12 to 60) for improved knowledge in patient safety and case analysis; 15.94 AE 1.59 (potential range 4 to 20) for personal comfort with use of OC; and 12.29 AE 1.68 (potential range 3 to 15) for importance of curriculum.
DISCUSSION
Our pilot study indicates that residents were able to identify medical errors and adverse events associated with daily clinical practice, which is consistent with findings of other studies. 7, 8 This observation and the high level of agreement between the residents and reviewers on error types suggest the reliability and utility of the OC as an educational tool that reflects core components of SBP. Determining error types and thus demonstrating an understanding of the patient care context is the first step in analysis of a case from a systems perspective. In contrast, there was disagreement between the physician supervisor and residents, as well as between reviewers in identifying systems in more than 30% of cases. This suggests not simply a gap in knowledge in this concept but perhaps some limitations in this approach to evaluating knowledge of systems. Future studies will involve development of better instruments, starting with qualitative analysis of the residents' descriptions of system failures. The implications of this pilot study are multiple. Residents can directly benefit from this education program by gaining knowledge about patient safety and complex interactions among systems. They can gain a better understanding of the health care system where they practice and its resources, two core concepts required to attain competency in SBP. The self-assessment results suggest that the residents gained this knowledge from participating in the curriculum and using the OC and agree with the importance of these curricular efforts. We suspect that the curriculum reinforces the concepts of patient safety and systems thinking, the OC and reference cards enable the application and understanding of these concepts, and the peer and faculty feedback included in the curriculum assists in modifying behavior. This type of curriculum creates an opportunity for open discussion of medical error and adverse events that is lacking in residency training. 14 Although not formerly evaluated, changes (system redesign) at our facility resulting from this pilot have included: modification in the computerized medical record to permit inclusion of vital signs only from the day of the visit, development of a centralized hospital admission and transfer process, use of Failure Mode Effects Analysis to evaluate handling of critical laboratory values, creation of a Quality Action Team to review highrisk elopements, and acquisition of a secure medication delivery system in the UCC. This pilot study has several limitations. Although OC appear to have content validity, further validation is required. The study design prevented distinguishing the contribution of each component of the intervention (curriculum and OC) in the residents' self-reported attainment of knowledge and skills in patient safety, systems thinking, and human factors engineering. Additionally, the assessment of improved knowledge is only through self-report after the curriculum. The short duration (2 weeks) of the residents' rotation limited the time for residents to apply patient safety and systems concepts to the OC and opportunities to evaluate the impact of this intervention upon residents' behavior. Finally, it is important to recognize the commitment of faculty and Quality Management to ensure that appropriate action be taken in response to identified events. In order for a program to be successful in adopting this educational intervention, the following components are essential: faculty members with expertise in patient safety and curriculum development; a residency program that supports patient safety curriculum; and the support of Quality Management in assisting with case reviews. Despite these limitations, our pilot project has forged new ground in an attempt to meet the challenge presented by the ACGMEs inclusion of SBP as a core competency for all graduate medical residents. The OC appears to be a useful tool for clinician educators with experience in patient safety and systems thinking to train residents to identify medical error, systems, and system failures associated with a clinical case. Future studies will include natural controls and a pre-post assessment of the residents' ability to apply concepts on the OC, further analysis of the systems and system failures associated each error type, and assessment of the educational intervention's impact upon residents' attitudes and behavior related to patient safety, as well as its impact upon the health care delivery system. 
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